Currents and waves cause flow-structure interaction problems in systems installed in the ocean. Particularly for bluff bodies, vortices form in the body wake, which can cause strong structural vibrations (Vortex-Induced Vibrations, VIV). The magnitude and frequency content of VIV is determined by the shape, material properties, and size of the bluff body, and the nature and velocity of the oncoming flow. Riser systems are extensively used in the ocean to drill for oil wells, or produce oil and gas from the bottom of the ocean. Risers often consist of a central pipe, surrounded by several smaller cylinders, including the kill and choke lines. We present a series of experiments involving forced in-line and cross flow motions of short rigid sections of a riser containing 6 symmetrically arranged kill and choke lines. The experiments were carried out at the MIT Towing Tank. We present a systematic database of the hydrodynamic coefficients, consisting of the forces in phase with velocity and the added mass coefficients that are also suitable to be used with semi-empirical VIV predicting codes.
INTRODUCTION
Vortex-induced vibrations are generated as oncoming fluid flow interacts with a flexible body or structure. In the classical case of a flexibly mounted rigid cylinder, alternating vortices form on either side of the bluff body causing it to vibrate. This phenomenon can lead to the aeolian tones in the wind, or to fatigue damage in larger ocean structures. The potential for fatigue damage is one of the main motivations for research on VIV [1] .
Systematic experiments have generated a substantial databases of VIV coefficients to predict the effect on a variety of structural systems [2, 3] . A drilling riser consists of a largerdiameter pipe containing the drilling string, and stretching from the well at the sea floor to the surface structure. The purpose of the riser is to protect the drilling string and also return the circulating mud back to the surface [4] . The kill line pumps kill fluid such that fluid can then flow through the choke line to the surface. Both of these lines are high-pressure pipes essential for maintaining fluid pressure in the riser. These lines run along the outside of the central riser from the bottom of the sea floor to the surface, creating a specific cross-sectional shape that is also subject to VIV. In order to accurately model VIV, databases have been compiled of various structural shapes, based on rigid cylinder experiments, and are utilized in semi-empirical programs, such as Shear7 (Vandiver 1999) [5] , VIVA (Triantafyllou 1999) [6] , and VIVANA (Larsen 2000) [7] . These programs are widely used in industry and for research purposes today. To ensure that these programs are kept up to date and relevant to structures regularly used today, it is important to compile databases specific to the structures studied. Previous research shows that VIV is depenProceedings of the ASME 2017 36th International Conference on Ocean, Offshore and Arctic Engineering OMAE2017 June 25-30, 2017, Trondheim, Norway dent on various factors, but the shape of the body and the characteristics of the oncoming fluid flow are the most significant ones [8] . The work presented in this paper focuses on the VIV coefficients of risers with kill & choke lines.
EXPERIMENTAL PARAMETERS AND MODEL SETUP
All experiments were conducted in the MIT Towing Tank, using a special small tank equipped with a velocity-controlled towing carriage that rides along the top of the tank. The length of the tank is 2.5 meters while the effective length is 1.5 meters. The width of the tank is 0.9 meters. All experiments were conducted as forced oscillatory motions while towing the model along two orthogonal tracks. An ATI 6-Axis Force transducer is used to measure the forces. (1) and (2) . y is the cross-flow (CF) motion; x is the in-line (IL) motion, A y is the amplitude of the CF motion; A x is the amplitude of the IL motion, ω y is the circular frequency of the CF motion; ω x is the circular frequency of the IL motion, which is usually twice ω y , and θ is the phase angle of the IL and CF motion. During tests, the value of θ is valued from 0 to 7π/4 with steps of π/4. y = A y sin(ω y t)
(1)
A main parameter is the reduced velocity, U r , defined as:
where U is the velocity of the flow, f is the frequency of oscillation, and D is the riser diameter. U r is valued at 6 or 8 in each experiment.
The dimensionless parameters, A y D and A x D provide the amplitude of vibration divided by the riser diameter D, in the CF and IL directions, respectively:
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Copyright © 2017 ASME Figure 6b , the 30 • model had one kill line out front, which may have caused it to respond closer to a single cylinder. This can also explain why the system is able to become excited at lower X directional amplitudes than the 0 • model. 
CONCLUSION
Hydrodynamic databases are a tool for the offshore system designer to calculate the fatigue damage caused by vortexinduced vibrations. Herein we described a comprehensive hydrodynamic database for a riser configuration with six kill lines that had a 3 to 1 ratio of central riser to external kill line diameters, undergoing forced in-line and cross-flow vibrations within an oncoming scream. The key hydrodynamic coefficients of lift force
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Copyright © 2017 ASME in phase with cross-flow velocity, drag force in phase with in-line velocity, and the two added mass coefficients, were recorded and analyzed. Results of these experiments show that hydrodynamic coefficients for the model at incident angles of 0 • and 30 • , have similar trends and take comparable values. Positive force coefficients, which indicate transfer of energy from the flow to the vibrating structure, and hence self-sustained VIV, are prevalent; and take larger values for the 30 • configuration than for the 0 • case. Added mass coefficients for both the in-line and cross-flow directions reach values as high as 5, hence altering the natural frequencies of the structure, particularly for mass ratios close to 1.
